Objective: Little is known about the contribution of childhood socio-economic position (SEP) and social mobility to weight change. The present study evaluated the effect of family SEP during the pre-school years and social mobility on BMI between birth and adolescence. Design: Longitudinal. The SEP of each child's family was classified according to an asset-based wealth index as low, medium or high. Four different categories of childhood-adolescence SEP groups were created in order to examine social mobility: low-medium/high, medium-medium, medium-high and high-high/ medium. For each of these categories, BMI was tracked from birth to adolescence. Linear mixed-effects models were used to analyse the data. Setting: Cuiabá-MT, Brazil. Subjects: A population-based cohort of children born between 1994 and 1999 was assessed between 1999 and 2000, and again between 2009 and 2011. Results: A total of 1716 adolescents were followed from childhood to adolescence (71·4 % of baseline). The prevalence of overweight/obesity was 20·4 % in childhood and 27·7 % in adolescence. A higher SEP in childhood was associated with a greater prevalence of overweight in adolescence. Expressive upward social mobility occurred, mainly in the lowest SEP group. There was a greater rate of change in BMI between birth and adolescence among children with a higher SEP in childhood and children who remained in the higher SEP from childhood to adolescence. Conclusion: Individuals from a higher SEP in childhood and those who remained in the higher social classes showed greater rate of change in BMI. Thus, initial SEP was the major determinant of changes in BMI.
The prevalence of overweight in childhood and adolescence has increased in low-and middle-income countries, this increase largely being driven by economic growth and rapid urbanization (1) . In Brazil, the prevalence of obesity has increased among children and adolescents mainly in the last decade. From 1975 to 1989, the prevalence of overweight was similar for all income groups, but from 1989 to 2003 there was a greater increase in this prevalence among lower than among higher economic groups (2, 3) , although a positive association between socio-economic position (SEP) and prevalence of overweight remained.
Thus SEP is clearly related to obesity, but the effect of social mobility on excess adiposity is not well understood. Some studies conducted in high-income countries have shown that social mobility can mitigate the negative effects of socioeconomic disadvantage in early life (4, 5) on adiposity in adolescence (6) , but others have not been able to show this (7, 8) . Controversy in studies conducted in these countries may be due to small differences in the risk factors for obesity among the socio-economic levels and small social mobility. In contrast, Brazil has shown in the last decade a huge social mobility of the low-income population, with an increase of the per capita income of Brazilians, particularly among the poorest (9) . The relationship between social mobility and adiposity has been evaluated in two Brazilian birth cohorts and the results are also conflicting. In one cohort, upward mobility was associated with increased protection against high adiposity in adult women, but not in men (10) . In the other cohort (11) , overweight was approximately twice as common among men who were never poor, but among women the opposite was observed: the prevalence of overweight was highest among women who were poor since childhood. Both cohorts studied in Brazil did not cover the period with the greatest social mobility, which has occurred in the last decade. Thus, our cohort data following children from birth, evaluated in 1999-2000 and 2009-2011, may be more adequate to explore the influence of socially patterned childhood exposures on later life outcomes, which can be due to biological programming during critical periods of growth and through the early acquisition of unhealthy lifestyles. Mobility due to a greater purchasing power of households has been associated with greater food availability among poor families (12) , but not necessarily to a healthy diet. Thus, our hypothesis is that a positive social mobility in Brazil would be positively associated with BMI trajectory.
Studying changes in adiposity over time and across SEP groups is important in order to anticipate emerging patterns of disease. Therefore, the present study evaluated the effect of social mobility on BMI trajectory from childhood to adolescence in a cohort of Brazilian children.
Methods

Subjects
A cohort of children born between 1994 and 1999 in Cuiabá, Brazil (n 2405) was randomly selected from primary-care centres between May 1999 and January 2000 (i.e. the subjects ranged in age from 0 to 5 years). In 2000, the population of Cuiabá was 483 346; 98·6 % of the residents lived in the urban area and 8·4 % (n 43 197) were younger than 5 years (13) . The full description of the sampling plan of this cohort has been given elsewhere (14) . Briefly, from the thirty-eight primary-care centres in Cuiabá, ten were randomly selected and the parents or guardians of approximately 240 children at each clinic were interviewed (n 2405). The refusal rate was 0·4 %.
All subjects enrolled at baseline were eligible for followup study at their schools between 2009 and 2011. In Brazil, approximately 95 % of children aged 10-14 years and 78 % of children aged 15-17 years attend school (15) . The annual school census in Brazil was used to identify the cohort. The national census includes all public and private schools throughout the country and by the child's name, date of birth and mother's name, 86·8 % (n 2088) of the subjects (now adolescents) and their schools were identified. In addition, five deaths were identified in the Mortality Information System (16) . Further details are provided in the paper by Gonçalves-Silva et al. (17) . In the follow-up after 11 years, 14·4 % of the baseline children had moved to other cities. We attempted to interview all children living in Cuiabá or in cities near Cuiabá, or those who moved to cities where more than ten children of the cohort were living. Therefore, fieldwork was carried out between 2009 and 2011 in public and private schools in Cuiabá as well as additional cities. One city, Várzea Grande, is geographically and economically integrated with Cuiabá. The others were seventeen cities located within the state of Mato Grosso (near the capital) and five capital cities from other Brazilian states (Campo Grande-MS, Brasília-DF, São Paulo-SP, Rio de Janeiro-RJ and Goiânia-GO). Information about birth (e.g. length and weight) was obtained from hospital records, but all outcomes and major variables at pre-school age and adolescence were measured by the researchers.
The study was approved by the Ethics Committee of the Júlio Müller University Hospital, Federal University of Mato Grosso (651/CEP-HUJM/2009 Protocol). Parents or guardians of the participating adolescents gave written consent.
Measures
At the first evaluation, when the children were of preschool age (1999) (2000) , information about demographic and socio-economic characteristics was obtained via an interview with the parents or guardians. In 2009-2011, the subjects (then adolescents) were interviewed about socio-economic and lifestyle factors using a pre-tested questionnaire. At both interviews, anthropometric measurements were collected by trained fieldworkers according to the techniques recommended by Lohman et al. (18) . (19, 20) . Scores were calculated using the WHO Anthro program for children aged 0-5 years and the WHO AnthroPlus program for those aged 5-19 years, and cut-offs for overweight and obesity were those recommended by the WHO (21) . The socio-economic level of the families was based on the number of home appliances, cars and paid maids, and the educational level of the head of the household, according the 'Brazil criterion' of economic classification (22, 23) . This system has five classes: A (higher), B, C, D and E (lower). For analysis, individuals were reclassified into three SEP groups: low (class E), medium (classes C and D) and high (classes A and B). To examine social mobility, individuals were classified into six categories based on changes in SEP occurring between pre-school and adolescence: (i) low-medium, those who were classified in the low class at the first evaluation and in the medium class at the second evaluation; (ii) low-high, those who were classified in the low class at the first evaluation and in the high class at the second evaluation; (iii) medium-medium, those who were in the medium class at both evaluations; (iv) medium-high, those who were in the medium class at the first evaluation and the high class at the second; (v) high-high, those who were in the high class at both evaluations; and (vi) high-medium, those who were in the high class at the first evaluation and in the medium class at the second. Because the categories low-high and high-medium each contained a small number of individuals (n 15 and n 29, respectively), those two groups were reclassified into low-medium/high and high-high/medium.
Data analysis
The mean Z-scores for BMI-for-age in pre-school age and adolescence were compared using the Student's t test and ANOVA. For the longitudinal analysis, BMI was the outcome because it is considered a better measure of change in adiposity in growing children and adolescents than BMI Z-score (24, 25) . Linear mixed-effects models (SAS PROC MIXED) were used to assess the effects of early childhood SEP and social mobility on BMI from birth to adolescence accounting for the correlation between measurements (26) . Main effects of time, social mobility and an interaction between social mobility and time were tested. A significant interaction provides evidence for a differential rate of growth in BMI over time. Regression residuals were examined graphically to assess goodness of the fit. Analyses were performed with the statistical software package SAS version 9·3.
Results
At first evaluation, 2405 pre-school children had their height and weight measured. Length and weight at birth were obtained from hospital records on 2394 (99·5 %). After approximately 11 years, 1716 adolescents were measured and interviewed (71·4 % of baseline). The mean age at the first evaluation was 1·5 (SD 1·4) years and at adolescence was 12·1 (SD 1·4) years. The prevalence of overweight and obesity was 15·7 % (n 270) and 4·7 % (n 80), respectively, for children and 18·4 % (n 315) and 9·3 % (n 160), respectively, for adolescents. The prevalence of overweight/obesity increased by 37·7 % in this period, with a greater increase among girls than boys (44 % v. 28 %).
The mean BMI-for-age was higher among adolescents from the high SEP group and among those whose mothers had a higher education level ( Table 1 ). The association between SEP at pre-school age and prevalence of overweight and obesity was more pronounced in adolescence than in childhood. At both evaluation periods, obesity was Table 1 Mean BMI-for-age Z-score (and 95 % confidence interval) at childhood (0-5 years old) and adolescence (10-17 years old), according to selected characteristics of adolescents. Population-based cohort of children born between 1994 and 1999, first evaluated between 1999 and 2000, and followed up between 2009 and 2011, Cuiabá, Brazil BMI-for-age Z-score 0-5 years old BMI-for-age Z-score 10-17 years old
SEP, socio-economic position. P value from t test or ANOVA. Missing values: current SEP, n 2; current maternal schooling, n 53; current paternal schooling, n 207. *According to the criteria of the Brazilian Marketing Research Association (childhood, 2003; adolescence, 2008) based on the number of home appliances, cars and paid maids, and education level of the head of household: high = classes A and B; medium = classes C and D; low = class E. †Minutes per day: active = more than 300 min/week; insufficient physical activity = less than 300 min/week; and inactive = 0 min/week. ‡Hours per day watching television, playing passive video games or playing on the computer.
more prevalent among subjects in the highest SEP group than among those in the lowest (see Fig. 1 ).
In terms of social mobility, 15·3 % (n 263) of subjects were classified as high-high/medium, 51·3 % (n 880) as medium-medium, 25·6 % (n 440) as medium-high and 7·8 % (n 133) as low-medium/high. At follow-up, there was only one adolescent in class E. Details of social mobility are provided in the online supplementary material, Supplemental Fig. 1 . Social mobility had little impact on the prevalence of overweight and obesity, and those who remained in the higher SEP classes had the highest prevalence (Fig. 2) .
The data were analysed using BMI as a continuous variable (Figs 3 and 4) . Figure 3(a) shows that, for males, mean BMI evaluated from birth to adolescence had a greater rate of change for subjects in the high SEP group as compared with those in other SEP groups. For girls, the change in BMI from birth to adolescence was lowest for participants in the low SEP group (Fig. 3(b) ). Similarly, the results in Fig. 4 indicate that initial SEP was the major determinant of BMI changes. The regression coefficients adjusted for birth weight, their standard errors and P values from Figs 3 and 4 are provided in Table 2 .
Discussion
We observed a greater increase in BMI between birth and adolescence among subjects who were in the high SEP group at pre-school age and among those who remained in the high SEP until adolescence. Thus, childhood social mobility did not influence changes in adiposity. Further, there was only a slight difference between sexes. This result is similar to that of another cohort of Brazilian children in which a greater change in BMI was observed among adolescents, both sexes, who were in the higher SEP group during early childhood (27) . Despite the slight difference between sexes, the trend follows the same direction, with greater increases in BMI in the higher income classes. Two studies conducted in Brazil have shown a differential SEP-adiposity association by sex when evaluated in early adulthood: a positive association between the variables has been observed in men, whereas a negative association has been observed in women (10, 11) . Both studies were conducted in the most developed regions of the country, the South and Southeast, whereas our cohort is from the Midwest, a less developed region. Further investigation would be necessary to understand the underlying factors for regional variations.
The prevalence of overweight and obesity was greater among adolescents from the highest SEP compared with those from the lowest. In addition, there was a greater increase in the prevalence of overweight between childhood and adolescence among subjects in the higher SEP at pre-school age. Similar results were found by Matijasevich et al. (28) , who studied the trends in socio-economic inequalities and their effect on overweight prevalence The highest degree of upward mobility among those in the lower economic classes in the present study is similar to that observed in other studies using criteria other than the 'Brazil criterion' used here. For example, in the Pelotas birth cohort, subjects were observed up to the age of 19 years and were classified by family income level (11) . Further, national data show the same trend and that in 2011 Brazil reached the lowest level of economic inequality in its history (9) , mainly due to the government-sponsored Bolsa Família cash transfer programme. The programme has had a positive impact on the food and nutrition security of participating families, but also resulted in an increase in the consumption of foods with a higher energy content and less nutritional value (12) . In addition, children from families in the Bolsa Família programme were 26 % more likely to have a normal height-for-age than those from families that were not in the programme, although there was no statistically significant difference for weight-for-height (29) . Thus, in Brazil, increasing social mobility of the lower economic classes may have decreased the risk of increasing adiposity by reducing stunting. In scenarios without stunting, increasing adiposity is a risk and this may explain observed differences in the association between social mobility, adiposity and health-related behaviours in developed nations. For instance, with greater upward mobility, Finnish adolescents were more likely to improve their health-related behaviours (e.g. decreases in smoking, use of drugs and alcohol, intake of high-sugar foods and coffee, etc, and increases in physical activity, milk consumption, etc.). Moreover, the opposite effect was shown when downward mobility occurred, relative to those who remained in the same economic class (30) . Previous analyses in this Brazilian population have shown that the association between lifestyle factors (e.g. smoking, experimentation with alcohol, overall diet) and social mobility does not remain statistically significant when adjusted for SEP at childhood (31) , indicating that these lifestyle factors were more strongly associated with initial SEP than social mobility.
Another explanation for the lack of association between rate of BMI change and social mobility is the short evaluation period (11 years) . This period may be too short to observe the impact of social mobility on adiposity. Furthermore, we were unable to pinpoint the precise time of each family's change from one SEP to another; if the change had occurred shortly (i.e. a few years) before the second evaluation, its impact may not yet have occurred.
The strengths of the present study are the measurement of family SEP prospectively at pre-school age and adolescence. There is some indication that the association between childhood SEP and adulthood obesity may be stronger when childhood SEP is measured in childhood rather than retrospectively recalled during adulthood (32) . In addition, inclusion of birth weight in the analysis strengthens the conclusion that SEP influences adiposity independently of biological factors.
Although there was loss of subjects to follow-up, the numbers of subjects lost in each SEP, as well as other characteristics of the study population, were not significantly different (33) . The criteria used to measure SEP and social mobility in the present study were not originally developed to assess health-related outcomes, but these criteria take into account the educational level of the head of the family and they have been successfully used in other epidemiological studies (34) . In addition, the association between adiposity and maternal schooling observed in the current study was similar to that observed when economic criteria are used.
Rapid weight gain in early life, particularly after infancy, is related to increased risk of adult disease (35) . In the current study, a high BMI during childhood was also observed during adolescence for subjects from families in a high SEP at childhood, with no effect of social mobility. 
